This paper empirically applies cost benefit analysis to hydroelectric projects in Malaysia, Nepal 
Introduction
The serious negative effects of large dams have been widely discussed, and the roles of large dams have been questioned, over the past two decades (WCD 2000) . However, there are still numerous plans to build massive dams worldwide, especially in developin g countries. Are these dams really worthwhile to build? Will they contribute to the sustainable development process?
This paper tries to answer the question based on an empirical application of probabilistic CBA (cost benefit analysis) to hydroelectric projects in Nepal, Malaysia and Turkey. The main characteristics of the dams and the development stage of the countries largely differ. This study brings the major issues attached to each hydro project together and analyses quantitatively what would happen if these dams were to be constructed. The CBA model in this study is developed from Morimoto and Hope (2001, 2002) , to take into account the correlation between the generation capacity, the total construction cost and the construction period.
The next section describes the characteristics of three hydro projects. The third section explains the methodology and lists the variables used in the model. The fourth section presents the findings from the study including sensitivity analysis and the variation of cumulative Net Present Value (NPV) against the pure rate of time preference. The last section concludes the study.
Malaysia: Bakun Hydro Project
Malaysia is currently in a strong recovery after the effects of the Asian financial crisis in 1997-98.
The current electricity demand growth in Malaysia is 8% per year, approximately 1.5 times the rate of the country's economic growth. There is a total electricity generation capacity of 14 GW 1 .
The energy demand in Malaysia is traditionally met by four major sources: gas (73.3%), hydro (11.4%), oil (7.8%), and coal (7.5%) in 1999 according to Tenaga National Berhad (TNB). The 1 www.atimes.com/reports/BJ28Aiol.html 3 government intends to balance this ratio and is trying to increase hydropower generation, which has led to the controversial Bakun Hydroelectric Project construction plan. The Bakun dam on Balui River in Sarawak state on Borneo Island will be South East Asia's largest dam with a generation capacity of 2.4 GW, and is supposed to cater for the rising industrial demand for electricity in Malaysia. Although this development of a remote part of Malaysia might improve the regional economy, through increased employment and infrastructure development (access roads, airports etc), there are also many costs associated with it. It will flood 70,000 hectares of rainforests and abundant timber sources, equivalent to the size of Singapore, and fertile agricultural lands. The construction costs for this gigantic project will be huge, despite the fact that there would be a possibility of insufficient demand to absorb its enormous generation of electricity. Another great concern of the project is the displacement of 10,000 indigenous people.
The entire ecosystem of the area also might change; especially large negative effects on downstream fishery are anticipated. The area is already suffering from siltation due to timber extraction, which is highly likely to restrict power generation capacity in the near future. Poor working conditions at the dam site are also reported. The project has been delayed due to serious environmental, social and financial problems, but about 500 MW of electricity will start being generated by 2005 2 .
Nepal: Sharada-Babai Hydro Project
About 85 per cent of Nepal's population still does not have access to electricity, and the country's major sources of energy are fuelwood and kerosene (Mahapatra 2001 (Pokharel 2001) . Currently, there are many planned hydropower projects in order to utilize the resources.
The proposed Sharada-Babai hydropower project in the Mid Western Region of Nepal has an installed capacity of 93 MW, and requires a 5-year construction period. The project is located between the tropical and sub-tropical climatic regions of the country. The reservoir area is very fertile land, whose main crops are paddy and wheat. More than 300 families will be relocated from the core project area. The major impact of the project will be the submergence of rich forest and agricultural land. The impoundment and reduced flow downstream will change the hydrology of the basin, which is likely to affect the aquatic environment of the river. The holy pond and the Kali Vhagwati (a temple of religious and cultural importance) will be inundated due to the reservoir formation. Infrastructure relocation such as a school, a post office, and suspension bridges are also required.
Turkey: Ilisu Hydro Project
Turkey is currently in the middle of a serious economic crisis, which began in November/December 2000, and worsened sharply in February 2001. The crisis was triggered partly by underlying economic weaknesses (current account deficits, severe problems in the banking sector), and partly by political instability.
The proposed Ilisu hydro project is a part of the Southeastern Anatolia Project which aims to improve the living standards and develop the agricultural potential of the nine southeastern Anatolia provinces and to bring their socioeconomic level up to the national average. and time means that it will be difficult to relocate the treasures that will be inundated. Moreover, even after successful relocation, they may not create the same aesthetic impact in a new site.
Hasankeyf is also a tourist destination and a holiday resort, so inundation of this town is likely to affect tourism in the area.
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The area to be flooded by the reservoir includes 7,353 ha of good agricultural land, 4,820 ha of medium-low quality land, and 15,675 ha of land not suitable for growing crops. Since the amount of trees and shrubs in the area to be flooded is relatively small, the CO 2 release from the reservoir is assumed to be small compared to the other reservoirs of the same size in dense forest (IEG 2001) .
Solid waste and wastewater of major cities are being dumped into the Tigris River without any treatment. The Ilisu reservoir will vastly reduce the auto-purification capacity of the Tigris. This is then highly likely to cause water quality degradation and possibly affect the downstream fishery negatively. Table I 
Methodology

EG (economic growth)
The forgone economic costs for electricity not served, which will occur during the time when an alternative power generation technology is not available.
PG (power generation)
Calculated by multiplying the quantity of electricity generated by the price of electricity. A possible reduction in the quantity of electricity generated due to sedimentation, and changes in electricity prices, are also included in the equation.
CP (clean power)
The environmental benefit of avoiding damage from air pollution when generating an equivalent amount of power by thermal power. This benefit will occur during the time when an alternative power generation technology is available.
IN (losses due to land inundation)
Financial values of forests and agricultural lands to be Some inputs are clearly correlated. If the generation capacity were to be reduced, the total construction cost and the construction period would also be reduced accordingly. Hence, we assume that a minimum value for one of these variables implies a minimum value for the others.
The same assumption is made for most likely and maximum values. The correlation coefficients that this implies for each project are shown in Table II 5 .
There is a wide range in the data for GC (generation capacity) in the Bakun case, as the project size might be drastically reduced due to the protests. The minimum, most likely and max values are 0.5, 0.7 and 2.4 GW respectively. Therefore the consideration of this input dependency would be particularly important for Bakun. Some of these data may not be very accurate or precise. Many of the values in Table A-1, A-2, and A-3 are tentative and open to criticism. However, this is inevitable, as many variables are not readily quantifiable and some data have a limited availability because of the project complexity or simply they do not exist. Repeated runs of the model obtain a probability distribution of possible outcomes, which is a more defensible procedure than just using single values for inputs that are in reality not well known. Dixon et al. (1994) argue that the appropriate time horizon should be long enough to encompass the useful life of the proposed project, therefore the project life of 100 years is selected in this study 6 .
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Results Table III are long lasting negative impacts. They are also not recoverable once the dam is constructed. Table I by year For Bakun, the 5 th percentile, mean and the 95 th percentile of cumulative NPV with a premature decommissioning option at a 5% discount rate at t=100 years are $ -9.6, -2.8, and 7.0 billion respectively (without decommissioning they are $ -9.9, -2.9, and 7.0 billion respectively;
showing that the option of premature decommissioning gives a slight improvement) 7 . The mean, the 5 th and the 95 th percentiles of the cumulative NPV are all initially strongly negative due to the large construction cost as shown in Figure 2 . The 95 th percentile recovers quickly after the 7 The premature decommissioning option allows the dam to be closed early if the annual revenue drops below the annual avoidable costs For Ilisu, The 95 th percentile is positive whereas the mean and the 5 th percentile are negative as shown in Figure 2 . The mean, the 5 th percentile and the 95 th percentile of the cumulative NPV at the 5% discount rate with the premature decommissioning option at t = 100 are $ -9.9, -3.5, and 4 billion respectively. As Figure 2 illustrates, the benefits never outweigh the costs throughout the period for the 5 th percentile and the mean, while the 95 th percentile turns to be positive soon after the completion of construction. The 95 th percentile starts declining gradually after its peak at t = 40. The NPV are all negative at the beginning because of large construction and resettlement costs. The NPV increases rapidly once electricity starts to be generated, however the mean and 
Sensitivity analysis
The sensitivity analysis shows the dominant positive impact of GC (generation capacity) on NPV for Bakun, and EO (initial expected increase in economic output) for Sharada-Babai and Ilisu as presented in Table IV . The parameters TCC (total construction cost), P0 (Initial proportion of Cumulative NPV against pure rate of time preference Figure 3 plots the cumulative NPV against the pure rate of time preference, as NPV is sensitive to the change in discount rates. The mean value of the cumulative NPV for all projects converges towards zero as the pure rate of time preference becomes larger. For Bakun, the 95 th percentile becomes negative when the pure rate of time preference i s larger than 11%. The mean value of the cumulative NPV for Sharada-Babai is positive when the pure rate of time preference is low, and become negative when the pure rate of time preference is larger than 6%. The 95th percentile of the cumulative NPV for Ilisu becomes negative when the pure rate of time preference is larger than 8%. The result obtained for the Sharada-Babai hydro project in Nepal seems reasonable; as expected there are large benefits from an increased power supply increasing economic growth as the country is at present seriously short of electricity, large revenues from electricity sales, and the benefits of clean hydro power, in exchange for a large construction cost and unrecoverable loss of submerging fertile agricultural land and forest. This study confirms that t he improvement of hydropower development in Nepal seems to be necessary and crucial.
The main finding for the Turkish Ilisu hydro project is the enormous impact of the loss of unique archaeological sites, some of which date back at least 2,700 years. The losses are not only the value of these cultural heritages and artifacts to be submerged, but also the significant number of tourists and pilgrims visiting the sites. Both the 5 th percentile and the mean of the cumulative NPV depict that the proposed project benefits will not outweigh the large costs of the project.
Since huge costs are involved in each project discussed above, an increase in electricity prices might not be avoidable. However, this may not be the case for the Sharada-Babai Project, as the benefit is likely to outweigh the cost soon after the construction.
The model in the paper calculates clearly the means and the ranges of present values for each impact of the proposed dams, both positive and negative. Thus, it identifies the most significant impacts with a support of numerical justification. The findings of the model such as each impact and NPV are shown by year. Thus, the model developed herein has a potential to help policy makers in their decision-making, as it provides a whole picture of a project at a glance, and it is visually very clear to see the annual movements of each impact.
The beauty of the model developed here is its flexibility; developers could choose from an array of variables that most closely fit the constraints and conditions of their individual case. Some of the available variables are either included or excluded in order to serve the differences in each project. From these case studies with diverse individual concerns, it shows that the generalised model can be a highly practical tool, with the great advantage of its simplicity and a capability to cater for almost any kind of hydro project assessment under uncertainty.
The limitations of the model are such that some impacts could be much larger than the impacts included in the above model, though may not be quantifiable. For example, t he scale of the resettlement for the Bakun project is enormous and the resettlement impact is therefore expected to be huge, though this impact seems to be not fully reflected in our results. This suggests that current estimates of the resettlement cost might be too low, and that alternative approaches such as 'willingness to pay' or 'willingness to accept' might better estimate the true resettlement cost.
Furthermore, some evaluations in the model might be over-simplified. There would be other possible impacts for each project not considered; some of these could be major. For example,
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increased malaria infection; health problem caused by reduced water quality; negative impacts on biodiversity in the area and so on. Displaced people are further impoverished economically, and suffer cultural decline, high rates of sickness, malnutrition, deaths, and great psychological stress in nearly every case 8 . Some of the dam sites, such as Bakun, are home to many unique species of fauna and flora, which may disappear due to the project's impact. The Bakun dam site is located in dense forest; therefore the CO2 release from the reservoir might not be negligible. These impacts are omitted from the current analysis due to lack of data and the difficulty of Tc (12.5, 13.5,
17.5)
The min is the original plan (www.idsnet.org). The WCD Survey (2000) shows about 40% of the delayed projects shows 1-year delay, and 5% shows 5 years delay.
PEo (30, 50, 80) These are min, average and max TNB tariff rates in 1999 respectively (www.tnb.com.my/newtnb/custom/tr/et1.html).
Generally, the distribution of CC skewed to the left due to large costs at an initial stage. These are also used for IHP. β (0.6, 0.8, 0.9)
The distribution is likely to be skewed to the right, as the resettlement process often delays. These are used for IHP a (0.001, 0.02,
0.03)
The average annual loss rate of active storage due to sedimentation in WCD Survey is 0.1% (WCD 2000) . Some experts say the dam will not last for more than 50 years, i.e., 2% (www.earthisland.org). The max rate in WCD Survey is 3%. A relatively high rate is set in order to challenge project optimism EL (0.6, 0.7, 0.9) 70000ha of affected rainforests including rich agricultural lands are valued based on the following studies. Projected economic value of the Peruvian Amazon if intact forest is sustainably harvested for fruits, latex, and timber is $6820/ha/year with the 5% discount rate based on the annual yield in the region (Peters 1989) . Constanza (1997) The most likely is calculated with the same procedure in Morimoto and Hope (2002) . The min and max are 10% lower and 20% higher than the most likely.
C2 (13, 14, 17) Ibid.
CM1 (14.5,15.7, 19. 3)
The same values in Morimoto and Hope (2002) . These are also used for IHP.
CM2 (414, 60, 552) Ibid.
OMC (20, 28, 39) The min is the calculated value by Battelle (1998 Table 5 MCR' (7, 12, 13) Ibid.
DCR '' (6750, 12150, 13500) Same in Morimoto and Hope (2002) . These are also used in IHP, but excluded for SBHP, as the scale is small. The same values in Morimoto and Hope (2002) . These are also used for IHP.
Note: PERT distribution (a special form of Beta distribution) is used for all the parameters apart from EO, f20, DCR, MCR, DCR', MCR', DCR'', MCR'' for which Triangular distribution is used instead.
The same distributions are used for SBHP and IHP. The max is calculated in the same manner as in Morimoto and Hope (2001) . Same as in Morimoto and Hope (2001) 13 Land acquisition [Agricultural land (268ha) and Forest land (33ha)] = 0.311 GNRs 14 2 suspension bridges = 5,000,000Rs; 2 temples = 40,000 Rs; 1 school = 1,400,000 Rs; 5 roads = 50,000,000 Rs; 5 foot trails = 500,000 Rs; 6 irrigation schemes = 6,000,000 Rs; 1 health post = 100,000 Rs; 1 post office = 80,000 Rs; 1 police office = 1,300,000 Rs; 3 water mills = 150,000 Rs; 1 telephone office = 50,000 Rs. The most likely is calculated in the same manner as in Morimoto and Hope (2002) . The min and max are 10% lower and 20% higher than the most likely.
C2 (18, 20, 24) Ibid.
29 OMC (20, 28, 39) The min is the calculated value by Battelle (1998 Table 5 The expected life of a dam is 30-50 years. The max value is the final year of the analysis.
